Introduction
============

Obesity is defined as excess body fat by positive energy balance. It is associated with metabolic disease such as type 2 diabetes, hypertension, and coronary heart disease. Obesity also increases the risk of several malignancies in breast, colon, pancreas, and endometrium.[@B1],[@B2] Menopause is a well-known risk factor for cardiovascular disease. During menopausal transition, women have a tendency to increase body weight. Consequently, menopause and the increase of body weight lead to an exponential increase of health risk for menopausal women.[@B3] To maintain healthy body weight, treatment of obesity in menopausal women is an important health issue.

Fundamental treatments of obesity include lifestyle intervention such as nutrition, physical activity, and behavior therapy. Pharmacotherapy can be used as an adjunct to lifestyle intervention. However, effects of lifestyle intervention are not always satisfactory in all cases. Pharmacotherapy is used in many patients in conjunction with lifestyle intervention.

There are two groups of approved drugs that can be used to manage weight in patients with obesity: 1) medications approved for obesity per se; 2) medications that affect body weight for obese patients who have complications from their obesity and are receiving these medications for chronic disease management.[@B4] The second group of drugs is for patients with chronic disease such as diabetes, depression, or psychiatric disorders. These drugs have different effects on weight. The best choice is to select drugs that can produce weight loss. In the following sections, we will discuss the use of medications approved for obesity per se, including recently U.S. Food and Drug Administration (FDA) approved novel agents.

Indication for Pharmacotherapy
==============================

The goals of obesity treatment are to improve or prevent complication of metabolic diseases, not weight loss itself. So, it is not desirable to prescribe medicine to patient who only wants weight loss. First step of obesity treatment is using non-pharmacologic method such as nutrition, physical activity, and behavior therapy. If the patient does not achieve adequate weight loss by lifestyle intervention for 3-6 months, pharmacotherapy can be considered.[@B5]

Pharmacotherapy is indicated for individuals with a body mass index (BMI) ≥ 25 kg/m^2^, or those with a BMI ≥ 23 kg/m^2^ and diagnosed with comorbidities such as hypertension, dyslipidemia, type 2 diabetes mellitus (T2DM), or sleep apnea.[@B5] The flow of pharmacologic treatment for obesity is shown in [Figure 1](#F1){ref-type="fig"}.[@B5] For drugs approved for long-term use, if 3% mean weight loss is not achieved during 3 months of medication, there is a need to reconsider the treatment modality.

Drugs Approved by the U.S. FDA
==============================

Sibutramine, a highly selective inhibitor of reuptake of noradrenaline and serotonin at nerve endings, was the most frequently prescribed drug. However, after significantly more cardiovascular events were reported after using it compared to placebo group, it was withdrawn from the market.[@B6],[@B7] Drugs approved by U.S. FDA for obesity treatment are summarized in [Table 1](#T1){ref-type="table"}.[@B8] Orlistat, lorcaserin, and combination of phentermine and topiramate are approved for long-term use. Benzphetamine, diethylpropion, phendimetrazine, and phentermine are approved for short-term use. Lorcaserin and combination of phentermine and topiramate are recently approved by U.S. FDA.

Orlistat (Xenical)
==================

Orlistat is a potent and selective inhibitor of pancreatic lipase required for hydrolysis of dietary fat in gastrointestinal tract into fatty acids and monoacylglycerol.[@B9] It was approved by the U.S. FDA in 1999 as a long-term obesity management in conjunction with reduced-calorie diet. Because orlistat is not absorbed to any significant degree, there is hardly any systemic reaction.[@B10] A 4-year double-blind, randomized, placebo-controlled trial with orlistat in 3304 overweight patients revealed that 21% of patients with impaired glucose tolerance achieved mean weight loss more than 11% below baseline in the orlistat-treated group compared to 6% below baseline in the placebo-treated group during the first year of use.[@B11] Compared to lifestyle changes alone, orlistat plus lifestyle changes resulted in a greater reduction in the incidence of type 2 diabetes over 4 years.[@B11] In addition, orlistat can improve cardiovascular risk factors. Systolic and diastolic blood pressure, serum levels of total cholesterol, low-density lipoproteins (LDL)-cholesterol, and glucose were reported to be decreased in orlistat-treated group.[@B12]

Orlistat can cause small but significant decreases in fat-soluble vitamins such as vitamin A, D, E, and K. Usually, vitamin levels would remain within normal range. It is clinically challenging to discriminate which patient needs vitamins. Therefore, it is recommended to provide a multivitamin routinely before bedtime. Gastrointestinal symptoms are common initially, including oily spotting, flatus with discharge, fecal urgency, fatty oily stool, oily evacuation, and increased defecation. However, these events are generally diminished when patients control their dietary fat intake. Such events rarely cause patients to withdraw from clinical trials.[@B4] Rare cases of severe liver injury and development of breast cancer have been reported with the use of orlistat, but the causal relationship has not been established.[@B13]

Noradrenergic Drugs
===================

Sympathomimetic drugs are inhibitors for reuptake of noradrenalin in the synapse. As a result, adrenergic stimulus is increased. U.S. FDA approved several sympathomimetic drugs such as benzphetamine, diethylpropion, phendimetrazine, and phentermine for only a few weeks, which is usually interpreted as up to 12 weeks. Phentermine is the most often prescribed drug in this group. According to meta-analysis, patients treated with phentermine 15-30 mg daily lost on average additional 3.6 kg of weight at 6 months compared to placebo.[@B14] In the newly developed formulation of phentermine diffusion controlled release (DCR), it showed significant reductions in body weight (-8.1 ± 3.9 vs. -1.7 ± 2.9 kg, *P* \< 0.001) and waist circumference (7.2 ± 0.5 vs. 2.1 ± 0.6 cm, *P* \< 0.001) compared to placebo group.[@B15] It is very effective and relatively safe drug. However, there is little data on its long-term efficacy and safety. Therefore, it is only approved for short-term use. Frequently reported side effects include dry mouth, headache, and insomnia. To prevent insomnia, it is usually used in the morning. It may increase heart rate and blood pressure. Therefore, it is not recommended for individuals with history of cardiovascular disease.[@B8]

Lorcaserin (Belviq®)
====================

Lorcaserin (1R-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-2-benzazepine; Belviq®, Arena Pharmaceuticals, Inc., San Diego, CA, USA) is approved by the U.S. FDA for long-term weight management in June, 2012. Lorcaserin is a serotonin type 2C receptor agonist. Serotonin has been shown pharmacologic effects on weight loss.[@B16] Fenfluramine and dexfenfluramine as serotonin type 2B receptor agonists were also used for weight loss. However, they were removed from market due to damage to heart valves through serotonin 2B receptor.[@B17] When serotonin-2C receptor is activated in the hypothalamus, food intake is reduced.[@B16]

Lorcaserin is prescribed at 10 mg twice daily. Three clinical studies have provided evidence for the approval of lorcaserin,[@B18],[@B19],[@B20] all of which have demonstrated effective weight loss compared to placebo group, along with a favorable safety profile. In a Behavioral Modification and Lorcaserin for Obesity and Overweight Management in Diabetes Mellitus (BLOOM-DM) study, mean glycated hemoglobin (HbA1c) was decreased 0.9 ± 0.06 with twice-daily lorcaserin, compared to 0.4 ± 0.06 with placebo group (*P* \< 0.001), and mean fasting glucose was decreased 27.4 ± 2.5 mg/dL compared to a decrease of 11.9 ± 2.5 mg/dL for placebo (*P* \< 0.001; [Fig. 2](#F2){ref-type="fig"}).[@B20]

Lorcaserin was carefully investigated for potential effects on heart valves during phase III studies where echocardiograms were done on more than 5200 subjects. There was no statistically significant increase in FDA-defined valvulopathy with drug treatment as compared to placebo.[@B18],[@B19],[@B20] Therefore, U.S. FDA has not recommended routine echocardiography for prescription of this medication. Lorcaserin is relatively well tolerated. The most common adverse events in clinical trials include headache, nausea, dizziness, fatigue, dry mouth, and constipation. These were mild that could be resolved quickly. Because of the risk of serotonin syndrome, it should not be used with selective serotonin reuptake inhibitors (SSRIs) or with monoamine oxidase inhibitors (MAOIs).

Phentermine/Topiramate Extended-release (ER) (Qsymia®)
======================================================

Qsymia® is the combination of phentermine and topiramate as an ER medication (Vivus Inc. Mountain View, CA, USA). As previous described, phentermine, a sympathomimetic drug, has been widely used as short-term appetite suppressant. Topiramate is an anticonvulsant drug. Following anecdotal reports of weight loss occurring in patients with epilepsy, it was evaluated as a potential antiobesity drug in clinical trials.[@B21] In terms of mechanism of action, topiramate is not thoroughly understood, although it might work through its effect on γ-aminobutyric acid (GABA) receptors. This combination uses lower doses of phentermine (starting dose at 3.75 mg, recommended dose at 7.5 mg, full dose at 15 mg) than as a single agent. Topiramate is an ER formulation. Its dose in the combination (starting dose at 23 mg, recommended dose at 46 mg, full dose at 92 mg) is lower than that when it is used for migraine prophylaxis or to control seizures. Two clinical studies provided efficacy and safety data for the approval of this medication: EQUIP and CONQUER.[@B22],[@B23] The CONQUER study was extended for a second year of observation with patients keeping their treatment assignment. This was called the SEQUEL study.[@B24] The combined weight loss results are shown in [Figure 3](#F3){ref-type="fig"}. At the end of the second year of treatment, patients completing the trial taking the recommended dose (7.5 mg/46 mg) maintained a mean weight loss of 9.3% below baseline. In the CONQUER study, there were clinically and statistically significant improvements in blood pressure, glycemic measures, high-density lipoproteins (HDL) cholesterol, and triglycerides after taking the medication at both recommended dose and full dose.

The most common side effects reported in the clinical trials include paraesthesia, dizziness, dysgeusia (altered taste), insomnia, constipation, and dry mouth. Topiramate is associated with oral clefts if used during pregnancy. Combination of phentermine and topiramate is contraindicated during pregnancy. It requires a negative pregnancy test before treatment and monthly thereafter.[@B8]

Conclusion
==========

After menopause, serum estradiol level is decreased, the protective effect of sex steroid for cardiovascular disease is also gradually disappeared. Weight gain during menopausal transition is an additional risk factor for cardiovascular disease. Consequently, weight gain and menopause simultaneously increase cardiovascular disease risk. Therefore, with routine check-up and education for health problem, intervention to weight management is a very important issue for menopausal women. Basic treatment modalities of obesity include lifestyle intervention, pharmacotherapy, and bariatric surgery. In pharmacotherapy, many drugs have been withdrawn form market due to unacceptable side effects. In the past, only one medicine (orlistat) was available for long-term treatment of obesity. However, two novel agents were approved by U.S. FDA for long-term usage. Although further studies such as clinical outcome for longer period or for a specific age group are needed, it is obvious that the progression of pharmacotherapy for obesity treatment gives us chance to manage weight problem more effectively.

This work was supported by Pusan National University Hospital Research Grant 2014.

No potential conflict of interest relevant to this article was reported.

![Flow chart for pharmacologic treatment of obesity. \[Reprinted from \"Pharmacotherapy for obesity\", by Kim KK, 2011, J Korean Med Assoc, 54, pp.409-18. Copyright 2011 by the Korean Medical Association. Reprinted with permission\].](jmm-20-90-g001){#F1}

![Change in glycemic parameters by study week from Behavioral Modification and Lorcaserin for Obesity and Overweight Management in Diabetes Mellitus (BLOOM-DM) trial. Values are mean ± standard error of the mean (SEM); \**P* ≤ 0.001; \*\**P* \< 0.05 compared to placebo. BID: twice daily, HbA1c: glycated hemoglobin, LS: least square, QD: once daily. \[Reprinted from \"Randomized placebo-controlled clinical trial of lorcaserin for weight loss in type 2 diabetes mellitus: the BLOOM-DM study\", by O\'Neil PM, Smith SR, Weissman NJ, Fidler MC, Sanchez M, Zhang J, et al., 2012, Obesity (Silver Spring), 20, pp.1426-36. Copyright 2012 by John Wiley & Sons, Inc. Reprinted with permission\].](jmm-20-90-g002){#F2}

![Mean (95% confidence interval \[CI\]) percentage weight loss from baseline to week 108 from SEQUEL trial. LOCF: last observation carried forward, LS: least-squares, PHEN/TPM CR: controlled-release phentermine/topiramate. \[Reprinted from \"Two-year sustained weight loss and metabolic benefits with controlled-release phentermine/topiramate in obese and overweight adults (SEQUEL): a randomized, placebo-controlled, phase 3 extension study\", by Garvey WT, Ryan DH, Look M, Gadde KM, Allison DB, Peterson CA, et al., 2012, Am J Clin Nutr, 95, pp.297-308. Copyright 2012 by the American Society for Nutrition. Reprinted with permission\].](jmm-20-90-g003){#F3}

###### 

Drug approved by the U.S. Food and Drug Administration (FDA) that produce weight loss. \[Reprinted from \"Update on obesity pharmacotherapy\", by Bray GA, Ryan DH, 2014, Ann N Y Acad Sci, 1311, pp.1-13. Copyright 2014 by by John Wiley & Sons, Inc. Reprinted with permission\]

![](jmm-20-90-i001)

FDA: Food and Drug Administration, DEA: data envelopment analysis, OTC: over-the-counter
